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THE COPPER LAKES OF EOSIN 
BY HARVEY NICHOLAS GILBERT 
In  view of the colloidal nature of the lakes formed by the 
metallic bases with the dye eosin, and the peculiar behavior 
of these lakes under certain conditions, the study of a typical 
eosin lake was undertaken in order to determine whether the 
lake was a definite compound or merely an adsorption complex, 
consisting of the metallic base with the eosin adsorbed in ap- 
proximately equivalent amount. 
The eosin lakes were first described by Baeyer in his 
research on the compounds of phthalic acid with the pheno1s.l 
With the exception of a brief reference to several of these 
lakes by Meyer,2 no further work has been done with these 
compounds and the colloidal properties of the lakes have never 
been investigated. The lakes are composed of the base, or 
metallic hydroxide, and the acid eosin, both of which are col- 
loidal. The bases carry positive charges when suspended in 
water and move to the cathode under the influence of the elec- 
tric current. The acid, eosin, which is insoluble in water and 
usually is obtained as a gelatinous solid, carries negative charges 
and moves to the anode under the influence of the current. 
In view of the known cases of precipitation of a colloid carry- 
ing a positive charge, by a negatively charged colloid in more 
or less definite proportions, it  seemed possible that these lakes, 
which were always produced by adding equivalent amounts 
of the metallic salts to the alkali salts of eosin, might be eol- 
loidal complexes of this nature. 
The lakes of silver, lead, copper, zinc, aluminum, cobalt, 
iron, both ferric and ferrous, manganese and bismuth, were 
obtained as amorphous substances which gave analyses corre- 
sponding in general to the normal salt of the dibasic acid, 
eosin. In  other cases, the amorphous lake thus produced, 
1 Liebig’s Ann., 183, 43 (1876). 
Ber. chem. Ges., Berlin, ag, 2625 (1896). 
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changed over into definite crystalline compounds upon stand- 
ing for various lengths of time, and these crystalline compounds 
gave analyses corresponding to the normal salts of eosin. There 
could be no doubt concerning the composition and nature of 
these crystalline salts of calcium, barium, cadmium, nickel, 
and mercury (divalent). 
The copper lake was selected as typical of the class of 
colloidal substances. Baeyer obtained it by precipitating 
a copper sulphate or copper acetate solution, by means of so- 
dium eosinate, and he described it as an amorphous, red-brown 
precipitate. The formula for the normal salt, CuC20H6Br405, 
was assigned to it. In some preliminary experiments with 
this lake when treated with ether, it was found that some eosin 
was removed from the lake by the ether. Other experiments 
on the effect of the addition of alcohol or acetone to the lake, 
gave a light yellow solution and a subsequent separation of 
a light blue solid, presumably copper hydroxide. It was 
with a view to the explanation of these phenomena, together 
with a study of the composition and properties of the lake 
that this work was undertaken. 
Material and Methods of Analysis 
The eosin used was obtained from Merck as “eosin yel- 
lowish,” described as the alkali salt of tetra-brom fluorescein. 
Analysis showed i t  to be the sodium salt of this acid. However, 
all analyses were made on the basis of the (acid) eosin content, 
and all statements of concentrations are referred to this value. 
It must be borne in mind that the free acid, eosin, is practically 
insoluble in water but soluble in ether, while the alkali salts 
of eosin are soluble in water but insoluble in ether. 
In order to facilitate the work of analysis, a colorimetric 
method was devised. This was possible because of the high 
coloring power of the eosin radical which thus permits the use 
of very dilute solutions. A source of error to be avoided was 
the change of color when reflected light strikes a solution of 
eosin, due to the fluorescence produced. This was rendered 
negligible by using the Wolff colorimeter, in which the column 
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of solution is protected from the source of light. It was 
impossible to use electric light, from either the carbon or tung- 
sten lamps, as the color of the solutions under these lights 
became a yellowish tint, very difficult to distinguish. The 
question of end-point was very important hecause of the marked 
change in color of the solution upon dilution. Sodium eosinate 
in concentrated solution is a dark blood-red color which on 
dilution goes through various shades of yellowish red which 
are very hard to follow or to differentiate. However, when the 
solution becomes very dilute, this color change with increased 
dilution is very marked and was found to be most delicate 
when the concentration of eosin (acid) is 0.00125 gram per 
liter. At this concentration, the solution is a fine light pink 
which is rapidly shaded into an old rose with stronger solutions, 
and an equally rapid fading of color is observed on dilution. 
A solution of this strength was, therefore, chosen as the stand- 
ard, and all determinations were made by diluting the un- 
known solution to this strength, in the usual manner. 
In order to avoid the fading of color due to the action 
of light-which is one of the greatest failings of the dye eosin 
-a solution of Co(NO& was employed in place of this stand- 
ard solution, as it was found that a solution containing 17.84 
grams of Co(NO& per liter, had exactly the same color as 
the standard, and was permanent to light. Accordingly, 
roo cc of this standard were placed in the one cylinder and the 
unknown solution was diluted until the color just matched 
that of the standard. In order to standardize the cobalt 
nitrate solution, a weighed amount of free eosin acid was 
treated with ammonium hydroxide and diluted until the color 
was that of the standard cobalt nitrate solution, and from this, 
the amount of eosin producing the color of the standard solu- 
tion was determined. The standard eosin (acid) may be 
obtained from an aqueous solution of the alkali salt by add- 
ing a slight excess of any strong acid and shaking with ether 
in akeparatory funnel. The ether removes the eosin completely. 
This ether solution is then evaporated and dried a t  rooo 
in a tared flask. The residue consists of free eosin and is 
The Copger Lakes of Eosin 589 
weighed as such. Sulphuric acid was used throughout this 
investigation to bring about the decomposition of the eosin 
compounds. An example of this is given: 
__. ~ __ ~ ~ ~- -~ - - ~~~ 
Sodium eosinate solution Weight of eosin 1 Eosin per cc. 
cc I Gram Gram 
I 
I 
I 
- _ _ _ _ _ -  1 
0.0408 0.004.1 3 
0.0627 I 0.00420 
9.88  I 
14.93 
In another experiment IO cc of sodium eosinate solution 
were found to contain 0.0103 gram per cc when determined 
by this gravimetric method, while I O  cc of the same solution 
when analyzed by the colorimetric method, gave 0.0104 gram 
per cc. This shows a good agreement between the two methods. 
An alcoholic solution of sodium eosinate when diluted directly 
with water, was found to contain, in duplicate determina- 
tion, concentrations of 0.004965 and 0.004960 gram of eosin 
per cc. 
In the experimental work which follows, the errors due 
to other conditions of the experiments were usually much 
larger than the limits of accuracy of the method of analysis. 
Checks were made from time to time throughout the work and 
the agreement between the gravimetric and colorimetric 
method was entirely satisfactory. The color is in the eosin 
acid radical and it makes no difference whether the solution 
which is to  be diluted contains the eosin as the sodium or the 
ammonium salt, although the latter was usually employed 
for convenience. 
The determination of eosin in any of its compounds with 
the metals may be made by decomposing the aqueous solution 
by means of an excess of acid, sulphuric or nitric, in the pres- 
ence of ether. The eosin goes into the ether layer and may 
be then determined colorimetrically as just described. The 
other salts used in this work were c. P. and were obtained from 
Merck. The ether was obtained from Kahlbaum and con- 
tained no traces of acid. 
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Cc of standard 
eosin solution 
diluted to 
I50 cc 
Study of the Behavior of Eosin in Ether Solution toward 
Copper Hydroxide 
It is difficult to obtain copper hydroxide free from water 
when it is prepared by precipitation from aqueous solutions. 
In order to avoid this difficulty the precipitation was made 
from alcoholic solutions of copper nitrate and sodium hydrox- 
ide. The copper hydroxide was washed by decantation, 
first with alcohol, to remove the NaN03 which was formed 
by the reaction, and .afterwards with ether, which is readily 
miscible with alcohol. This CU(OH)~ suspension in ether was 
then treated with ether solutjons of eosin (acid), in which 
the amount of eosin in constant volume of solution was varied. 
In  each case, the amount of Cu(0H)z was equivalent to 0.0278 
gram of copper and the ether solution of eosin of known 
strength was added to this suspension, contained in a 250 cc 
glass-stoppered Erlenmeyer flask. The mixture was diluted 
to 150 cc and shaken from time to time. After two days 
the supernatant liquid was found to contain no traces of copper, 
and the solutions were analyzed colorimetrically for eosin. 
The solid remaining in the flasks varied in color from a light 
pink to a scarlet as the concentration of the eosin increased. 
The results are shown in Table I. 
T~~~~ eosin in 
Grams 
original 
TABLE I
Total eosin in super- 
natant ether solution 
Grams 
Standard eosin solution contained 0.0056 gram per cc 
Theoretical weight of eosin for Cu(0H)Z = 0.2786 gram 
Eosin taken up 
by solid 
Grams 
I 
5 
I5 
25 
50 
I O  
2 0  
0.0056 
0.0557 
0.1114 
0. I393 
0.2786 
0.0279 
0.0835 
None 
0.0342 
0.0840 
0.1062 
0.2502 
0.0057 
0.0558 
0.0056 
0.0215 
0.0222 
0.0277 
0.0274 
0.0331 
0.0284 
Thus it is seen that although equivalent amounts of 
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CU(OH)~ and eosin were brought together, approximately 
of the theoretical amount was taken up by the Cu(OH)2. 
To show the influence of increase of temperature on this 
equilibrium, equivalent amounts of CU(OH)~ and ' eosin as 
above, in 150 cc were heated on a water bath for four hours, 
the ether being retained by using a reflux condenser. The 
ether solution was then analyzed for eosin. 
Eosin in original Eosin in resulting Eosin in Increase 1 Gram Gram solution solution Gram Gram 
I 
, - I -__ 
- 
0.2786 , 0.2502 I 0.0284 
0.2786 I 0.2429 1 0.0358 1 0.0074 
From this i t  is seen that there is very little increase on boil- 
ing the CU(OH)~ with ether solution containing an equivalent 
amount of eosin, and that the maximum amount taken up 
in these operations is less than one-fifth of the theoretical: 
The curve (Fig. I) plotted from the values given in Table I, 
gives the typical form for adsorption, although the experi- 
Hence there is no good evidence of the 
formation of a definite compound, copper eosinate, undet- 
these conditions, although the first portion of the curve might 
indicate the formation of a compound, which covered the sur- 
face of the CU(OH)~ and was insoluble in ether. 
In order to ascertain whether the eosin removed from 
the solution by the Cu(0H)z was adsorbed on the surface, 
as the curve seemed t o  indicate, or whether it was chemically 
combined to form a coating of compound over the surface, 
which then prevented further action, experiments were made 
on the reversibility of this adsorption. The lake is insoluble 
in ether as is shown in these experiments by the absence of 
copper in the resulting solution. A portion of the lake was 
then prepared as described, by treating the Cu(OH)? with 
eosin in ether solution. The amount of eosin taken up was 
a definite amount and gave a point on the upper portion of 
the curve. 
, mental error is large. 
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, 
Eosin in original solution 1 Eosin in resulting solution Eosin taken up 
I Gram ~ . Gram 
I 
Gram 
0.1960 0 . 0 3 2 0  
~ 0.2280 j 
The supernatant ether solution was then removed by de- 
cantation and the amount remaining in the mother liquor 
was estimated to be 0.0196 gram since the original volume 
was 150 cc and 135 cc were decanted.. The suspension was 
then diluted with 135 cc pure ether and after shaking, allowed 
to settle. On analysis, the supernatant liquid was found to 
contain O.OZIO gram eosin, showing that 0.0014 gram eosin 
had been removed from the lake. This should theoretically 
have given a point which was on the curve. 
When these values are plotted, however, the point is 
found to be above the curve obtained for the adsorption, 
showing that the lake does not give up as much eosin as is 
required for the reversal of the curve. However, it is probable 
Fig. I 
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that the CU(OH)~ had undergone a change in its physical 
condition on standing over this length of time, and an ag- 
glomeration of the lake would account for this retention of 
the eosin. 
An analogous case was studied using magnesium oxide 
and eosin in ether solution. In  these experiments, 0.07 gram 
MgO was weighed out and placed in a 2 5 0  cc glass-stoppered 
Erlenmeyer flask and to this was added the solution of eosin 
in ether. The volume of the solution was 2 0 0  cc in each case 
and the eosin content was varied. The flasks were shaken 
from time to time and allowed to stand several days at room 
temperature. The supernatant liquid was then decanted and 
analyzed for eosin by the colorimetric method. It was found 
that  the ether solution contained no Mg, so that the change 
in concentration represented the amount of eosin taken up 
by the MgO. The results are shown in Table 11. 
TABLE I1 
Theoretical weight of eosin for compound = 1.134 grams 
-~ 
Eosin in original solution 
Gram 
0.0046 
0.0230 
0.0460 
0. I150 
0.2300 
0.3450 
0.4600 
0.9200 
Eosin in supernatant 
solution 
Gram 
0.0029 
0.0066 
0.0180 
0. I180 
0.1850 
0.6080 
0.0448 
0.2370 
Eosin faken up by solid 
Gram 
0.0017 
0.0164 
0.0280 
0.0702 
0. I120 
0.1600 
0.2230 
0.3120 
When the values for eosin in the resulting solution are plotted 
as abscissas and the amount of eosin taken up by the solid, 
as ordinates, the following curve, Fig. 2, is obtained. This is 
the usual form for adsorption and shows that the MgO takes 
up a continuously varying amount of eosin depending on the 
original concentration, and on that of the eosin in the MgO. 
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Fig. 2 
Composition of Lake 
When an aqueous solution of CuSO4 is mixed with an 
aqueous solution of sodium eosinate, ordinarily, a red-brown 
gelatinous precipitate is formed. This precipitate produced 
by adding equivalent amounts of CuS04 and sodium eosinate 
had previously been analyzed and was found to contain copper 
and eosin in equivalent proportions. The formula for copper 
eosinate, CuCzOH6Br4O6, was, therefore, assigned to it. In- 
asmuch as the precipitate so produced, had been obtained by 
mixing equivalent amounts of the two constituents, it  was 
decided to vary these proportions and to study the precipitate 
formed when the concentrations were varied. 
The following series of experiments were made by adding 
to 50 cc of a standard solution of CuS04, a constant volume 
of sodium eosinate solution in which the concentration of the 
sodium eosinate was varied over wide limits. After allowing 
to stand for twenty-four hours, the solutions were decanted 
and this decanted liquid was run through a small filter, the 
first 50 cc of the filtrate being rejected in each case. The 
filtrate was then analyzed for eosin colorimetrically and for 
copper by the electrolytic method. A summary of these 
results is found in Table 111. 
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TABLE 111 
Original solutidn contained '0.0842 gram copper in each experiment 
- ~- - ~~ -__  
1 Eosin in original ' Eosin in resulting 
1 solution ~ solution 
I Gram Grams I I 
I 
0.0520 0.0022 
2 1 0.0954 0.0021 
0.1901 0.0019 3 
4 1 0.2778 1 0.0011 
5 0.3730 0.0033 
6 1 0.5200 . I 0.0024 
7 
8 
9 
IO 
_ _ _ . ~  __  ~-  
Eosin in precipitate 
Gram 
0.0498 
0.0933 
0.1882 
0.2767 
0.3697 
0.5176 
Copper in resulting 
solution 
Gram 
0.0532 
0.0042 
0.0630 
0.0462 
0.0266 
0.0126 
- 
- 
Copper in pre- 
cipitate 
Gram 
0.0310 
0.0800 
0.0380 
0.0212 
- 
- 
0.0576 
0.0716 
Theoretical Cu for 
eosin in precipitate 
Gram 
0.0049 
0.0092 
0.0185 
0.0272 
0.0362 
0.0508 
0.0678 
0.0820 
These results are only approximate, and have a large 
experimental error, due to the colloidal nature of the lake which 
is formed. However, they show that the copper and eosin 
tend to be precipitated in equivalefit amount, as was found 
by Baeyer. The excess of the copper in the precipitate which 
is formed when a large excess of copper salt was present, is 
to be noted, and will be explained by results obtained in ex- 
periments described later. 
Properties of the Lake 
This lake has many remarkable properties which mark 
it as colloidal. Depending upon the conditions under which 
it is prepared, it may remain in suspension and not precipi- 
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tate at all, or it may form as a gelatinous precipitate. It 
is even possible to obtain it as a jelly. Thus, when the lake 
is formed from CuS04 and sodium eosinate by adding 50 cc 
CuS04 solution, containing 0.0820 gram copper, to 250 cc. 
of a sodium eosinate solution containing 0.8670 gram eosin 
(equivalent amount), a precipitate is obtained, and the super- 
natant solution contains an amount of the lake corresponding 
to 0.0029 gram eosin in 300 cc, or o.ooooog7 gram per cc. When 
approximately 1.5 or 2 equivalents of sodium eosinate are 
added under similar conditions, the precipitate remains per- 
manently suspended and cannot be cleared even by means of 
a centrifuge. 
If to 25 cc sodium eosinate, containing 0.2008 gram eosin, 
are added an equivalent amount of copper sulphate solution, 
a precipitate is obtained, and this suspension, when diluted 
with 175 cc of water, gives a clear red solution. This solution 
contains 0.00103 gram eosin per cc. 
When IO cc of sodium eosinate solution, containing 0.0428 
gram eosin, were added to 1.31 cc of copper sulphate solution 
containing an equivalent amount of copper, a precipitate is 
formed. This suspension when diluted with 50 cc of water 
gives a hazy, brownish red solution containing no visible 
solid matter. This material passed through the filter although 
the filtrate was still hazy. -On the further addition of 40 cc 
of water, a fine, clear red solution resulted, and this con- 
tained the equivalent of 0.00428 gram eosin per cc. 
When 25 cc sodium eosinate solution containing 0.1540 
gram eosin, are mixed with 4.71 cc CuS04 solution containing 
an equivalent amount of copper, a precipitate is formed which 
requires dilution to approximately 250 cc before a clear solu- 
tion is obtained. This solution remains fairly clear for one 
week, and contains 0.000616 gram eosin per cc. 
Hence this lake has a variable apparent solubility which 
is difficult to determine accurately because of the colloidal 
nature of the substance and because of the method of forma- 
tion. The apparent solubility ranges from about O.OOOOI 
gram of eosin per cc for the solution in contact with the solid, 
- 
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to 0.000s gram eosin when the lake is diluted by adding water. 
This lake may also be obtained in the form of a jelly. 
Thus when IO cc of a solution of sodium eosinate, containing 
0.02748 gram eosin per cc are treated with the equivalent 
amount (0.956 cc) of a 0.4432 N CuSOI solution, a red-brown 
precipitate is formed which is suspended in the water and is 
not unusually viscous. After standing 30 seconds, the sus- 
pension begins to darken. In  60 seconds the mass i s  very 
viscous and in two minutes a jelly-like structure is formed 
which remains in an inverted beaker. Likewise, a jelly is 
formed almost immediately when 2.32 cc CuSO4 (0.4432 N )  
is added to IO cc of a solution of sodium eosinate containing 
0.0666 gram eosin per Cc. 
The lake does not diffuse through parchment although 
when suspensions of equivalent amounts of CuSO4 and sodium 
eosinate are placed in the Hiilsen parchment thimbles and 
dialyzed for several days with water, a slight pink color is 
found in the water. This never amounts to more than 
0.00000125 gram eosin per cc and is probably due to  a small 
amount of Na eosinate which is present, as will be explained 
later. The concentration of this amount which diffused through 
was so small that no tests could be made for copper, but it 
is most probably sodium eosinate. Similar tests with sodium 
eosinate, which is a definite crystalline compound, gave a 
rapid diffusion through the parchment. 
The solution of the lake in water is not much affected by 
salt solutions. NaCl and NaN03 have little effect on it. 
A solution of Na2S04 tends to produce a precipitate of copper 
hydroxide on long standing. Solutions of Cu(NO& and 
CuSO4 produce a precipitate from the aqueous suspensions 
of the lake and this precipitate is found to be a mixture of 
and eosin (acid). This may be shown by shaking 
the suspension with ether. The greater part of the precipi- 
tate is dissolved in the ether, thus showing that a large por- 
tion of the precipitate consisted of eosin. The remainder 
of the original precipitate was colored light blue and remained 
suspended in the water layer. However, this behavior with 
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salts and the aqueous solution of the lake is not easy to study 
because of the low concentrations, and it will be taken up in 
another form under a different method of treatment. 
Synthesis of the Lake 
It was then attempted to synthesize the lake directly 
from the constituents in water suspension, that is, from eosin 
(acid) and Cu(0H)z. Copper hydroxide is prepared from 
copper salts by the addition of NaOH, and this precipitate 
is washed by decantation several times. Thus prepared, 
i t  is an amorphous, colloidal precipitate, insoluble in water. 
Eosin was prepared from sodium eosinate by adding a 
strong acid, decanting the supernatagt liquid and washing 
the precipitate by decantation. As thus prepared, i t  is an 
amorphous colloidal precipitate, giving a colloidal suspension 
in pure distilled water. Eosin is completely insoluble in water 
containing slight traces of acid. 
The following experiments were performed by mixing 
suspensions of these two constituents in varying proportions 
as specified, and observing the properties of the resulting 
solutions. The standard suspension of eosin was obtained by 
adding an excess of HzS04 to 308 cc of sodium eosinate, con- 
taining 0.01056 gram eosin per cc. The eosin (acid) thus 
precipitated, was washed by decantation and diluted to 700 
cc. The suspension of CU(OH)~ was prepared by adding a 
slight excess of NaOH to 2 0  cc CuS04 solution containing 
0.0399 gram copper per cc. This precipitate was also washed 
by decantation and the suspension was diluted to 700 cc. 
These suspensions were of such concentration that equal 
volumes contained equivalent amounts of copper and eosin. 
No. I 
50 cc eosin suspension. 
50 cc Cu(OH)2 suspension + 200  cc HzO 
Equivalent to I molecule of eosin and I molecule Cu(0H)z. 
A thick suspension was formed and no change was observed in 
two days. On the third day crystals formed on the bottom of the 
beaker and the solution had become clear but red-brown. The 
residue under the microscope was uniformly crystalline, consisting 
of needle crystals. 
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No. 2 
50 cc eosin suspension. 
Equivalent to I molecule eosin and 2 molecules of Cu(0H)Z. 
A thick suspension resulted, and after three days a few 'crystals 
had formed in places on the sides of the beaker; after thirteen days 
more crystals had formed. Under the microscope the residue was 
found to consist of much amorphous matter mixed with a few 
crystals. 
No. 3 
100 cc Cu(0H)Z + 150 cc HzO. 
50 cc eosin suspension. 
Equivalent to z molecules of eosin and I molecule of Cu(0H)z. 
No crystals formed in twenty days. 
2 5  cc Cu(0H)z + n s  HzO. 
There resulted an orange 
colored suspension, while a red amorphous mass settled in the bottom 
of the beaker. This residue showed no crystals under the micro- 
scope. 
To show the effect of dilution on the rate of transformation: 
No. 4 
25 cc eosin suspension. 
25 cc Cu(OH)2 f 400 cc H20. 
The suspension was almost clear and no residue settled to the 
No crystals were formed until 21  days, when fine long bottom. 
needle crystals were obtained. 
No. 5 
25 cc eosin suspension. 
50 cc Cu(OH)2 suspension + 400 cc HzO. 
This gave some amorphous sediment in 24 hours. No change 
from this .was apparent until about 21 days when some crystals 
were found by examination of the residue from the bottom of the 
beaker; under the microscope this was found to be mixed with much 
amorphous matter. 
In order t o  determine the solubility of the lake prepared 
by adding equivalent amounts of Cu(OH)2 and eosin, 308 
cc sodium eosinate (0.0324 N) were converted into eosin 
(acid) by adding an excess of H2SO4 and washing by decan- 
tation. The CU(OH)~ was prepared by precipitation from 
2 0  cc of CuS04 solution (0.500 N )  by means of KOH, with 
subsequent washing by means of decantation. These sus- 
pensions were each diluted to 1500 cc and mixed. A red- 
brown cloudy suspension was obtained which did not change 
in 48 hours. This suspension passed through the filter paper. 
When 200 cc of the cloudy suspension were diluted to  500 
I 
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cc a clear solution was obtained which contained the equivalent 
of 0.000213 gram eosin per cc. Hence the solubility is of 
the same order as that of the lake prepared by double de- 
composition. 
When the above amounts of sodium eosinate and CuS04 
(equivalents) are each diluted to 500 cc and the solutions 
are mixed, there results an amorphous precipitate resembling 
the synthesized material and this suspension on standing 
fifteen days deposited crystals of the same needle form, which 
were identical with the crystals formed by direct synthesis. 
All these synthetic lakes, upon dialysis with parchment 
paper, gave only a small amount of colored material to the 
water outside of the parchment cup, and this small amount 
was probably due to sodium eosinate which was formed, as 
will be explained later. It may have been due, however, to  
the crystalline copper eosinate, since the amount was not 
greater than the solubility of crystalline copper eosinate in 
water. 
When the lake is freshly prepared by adding the sus- 
pensions of eosin and CU(OH)~ in varying proportions, and 
immediately diluting with water, hazy solutions are obtained 
which may be passed through the filter paper without leaving 
any residue. These results were obtained by using the Cu(0H)z 
and eosin suspensions just described, in the amounts stated 
in Experiments I ,  2, and 3. Nos. I and 2 were diluted with 
400 cc of water, while No. 3 required dilution to 600 cc. 
All of these suspensions containing varying amounts 
of copper hydroxide and eosin might be called definite com- 
pounds with as much justification as the lake produced by 
copper sulphate and sodium eosinate because, disregarding 
the effect of adsorption, the latter must ,necessarily contain 
eosin and CU(OH)~ in equivalent proportions, no matter what 
concentration of CuS04 or sodium eosinate was employed. 
This is better understood when it is considered that when 
CuS04 and sodium eosinate are mixed, if the precipitate con- 
tains other than equivalent amounts of copper on eosin 
the resulting solution must become either acid or alkaline, 
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and either of these conditions would destroy the lake. Thus, 
if an excess of sodiumeosinatewere used, and more than an 
equivalent amount of eosin were taken up by the lake, NaOH 
would be set free. Likewise, if an excess of CuSO4 were used, 
and more than an equivalent amount of Cu were taken up 
by the lake, an excess of H2S04 would result. The lake of 
course is instable in the presence of either of these, since 
copper hydroxide is a much weaker base than sodium hy- 
droxide and sulphuric acid is much stronger than eosin acid. 
In  the case of these synthetic lakes, therefore, the same be- 
havior is observed as in the case of the lake containing equiva- 
lent amounts of the constituents, and the composition of these 
lakes may be made to vary at  will. 
The rate of transformation from the amorphous to the 
crystalline is hastened by the presence of some copper eosinate 
crystals (“seeded in”) . Thus I IO cc eosin suspension and 
IIO cc CU(OH)~ suspension, on the addition of a few crystals, 
gave crystals in two days and a large amount had deposited 
in three days. The clear, red-brown, supernatant liquid 
was decanted and allowed to stand 13 days, a t  which time 
many crystals had deposited from it. 
Some crystals were prepared by adding IOO cc eosin 
suspension to IOO cc Cu(0H)z suspension and allowing the 
mixture to stand 23 days. The residue consisted of a uni- 
form mass of crystals. These crystals were dried, analyzed, 
and found to contain eosin and copper in the proportion of 
I atom of copper to I molecule of eosin, and, therefore, con- 
sist of the normal salt of the acid eosin, the formula for which 
is C U C ~ ~ H ~ B ~ ~ O ~ .  
The transformation of the colloidal copper lake into the 
crystalline form was thus observed for the first time. Simi- 
lar phenomena had been observed by Baeyer’ in the case 
of the cadmium lake, which changed over into the crystalline 
form in about eight hours, and in the cases of the nickel, barium, 
calcium, and mercuric compounds. 
Liebig’s Ann., 183, 43 (1876). 
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Colloidal sulphur on standing goes over to the crystal- 
line f0rm.l 
Recently, a similar phenomenon was observed in the change 
of mercuric sulphide from the colloidal to the crystalline form.2 
Properties of the Crystalline Copper Eosinate 
Crystalline copper eosinate is practically insoluble in 
water, acetone or 'alcohol. In no case does the solubility 
amount to more than 0.000004 gram eosin per cc. However, 
for some unknown reason, i t  is more soluble in a mixture of 
equal parts of acetone and water, and in a mixture of equal 
parts of alcohol and water than in the pure solvents. Rela- 
tively large excess of Cu salts or of other salts have no effect 
on the crystalline copper eosinate. It is difficult to decompose 
with acids. When placed in water and shaken with ether, 
i t  goes entirely into the surface between the two layers, giving 
a film which resembles the purple skin of a grape, by teason 
of the steel blue color of the crystal product itself. The crystals 
are monoclinic. 
The crystalline material, when ground in a mortar under 
water does not show any increase in solubility, as would be 
expected if the lake is composed of an amorphous copper 
eosinate, since these conditions are more nearly approached 
by grinding the crystalline material. 
Behavior of the Lake with Ether 
When the copper-eosin lake is prepared by bringing to- 
gether equivalent amounts of sodium eosinate and copper 
salts in aqueous solution and this suspension of the lake is 
shaken with ether, considerable amounts of eosin are found 
to  be taken up by the ether. Thus, 40 cc sodium eosinate 
solution containing 0.1668 gram eosin were added to 19.87 
cc Cu(NO& solution, containing 0.0167 gram Cu, and the 
lake was diluted with 15 cc water. IOO cc ether were added 
and the mixture was shaken for one hour on a shaking machine. 
The ether solution was found to contain 0.0428 gram of eosin. 
/ 
Raffo: Zeit. Kolloidchemie, 2, 358 (1908). 
Freundlich and Schucht: Zeit. phys. Chem., 85, 660 (1913). 
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A duplicate experiment in which the mixture was shaken for 
five hours, removed 0.04284 gram eosin. When this experi- 
ment was repeated, using the same amounts of sodium eosinate 
and an excess of copper nitrate corresponding to 15 cc of N/5 
Cu(NO&, the ether was found to  remove 0.0585 gram of 
eosin. 
Similar results were obtained by treating the lake pre- 
pared from CuS04 solution with ether. Thus, when 4.71 
cc CuS04 solution (0.0505 N )  are added dropwise to 95 cc 
of a sodium eosinate solution containing 25 cc (o.oog5 N )  
sodium eosinate and the suspension is shaken with IOO cc. 
of ether, 0.0200 gram of eosin is removed by the ether. It 
was also observed that when this experiment was repeated, 
by adding the same amount (equivalent) of CuS04, diluted 
to 50 cc, to  the sodium eosinate solution diluted to 50 cc, less 
eosin was removed by the ether. In  this case the ether con- 
tained 0.0180 gram eosin. From these preliminary experi- 
ments it was found that eosin could be removed from the lake 
in aqueous suspension by shaking with ether. This amount 
depends upon the conditions under. which the lake is prepared, 
and upon the nature of the original copper salt employed. 
It is also seen that equilibrium is obtained comparatively 
rapidly . 
An experiment was then performed to ascertain whether 
more eosin was removed by fresh ether after this first equi- 
librium had been obtained. Equivalent amounts of CuS04 
and sodium eosinate as described in the preceding experiment, 
were diluted to 50 cc and mixed. The lake was shaken with 
ether and as in the preceding experiment, it was found that 
0.0185 gram eosin was removed. This ether solution was 
removed by pipetting off as much as possible and the volume 
was noted. A volume of fresh ether equal to  the volume 
removed was then added to the lake and the suspension was 
again shaken. The eosin in the ether layer was estimated 
and it was found to be practically the same as the amount 
left in the solution which could not be pipetted off. A slight 
increase of 0.0005 gram eosin may have been due to experi- 
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mental error. It is quite evident, therefore, that we are not 
dealing with a reversal of the adsorption of eosin by the lake, 
for if such were the case, the amount removed by the fresh 
ether would probably have been appreciable, although less 
than that obtained by the first washing. 
It was then decided to investigate this removal of eosin 
by means of ether, more thoroughly. In the following ex- 
periments, the lake was prepared by precipitation under the 
conditions specified in each case. The precipitation was 
carried on in 250 cc glass-stoppered Erlenmeyer flasks and these 
were placed, two at a time, in an ordinary milk-shaking ma- 
chine and shaken for the specified time. I t  was found that 
equilibrium was ordinarily reached before one-half hour 
had elapsed. It was found necessary to work with small 
concentrations because when stronger concentrations were 
employed, the ether and water formed an emulsion which was 
very difficult to break down. After shaking, the flasks were 
removed and allowed to stand several hours, in order to allow 
the lake to settle. It is interesting to note, although it does 
not lie within the province of this research, that in a great 
many cases, the lake was found to have gone almost com- 
pletely into the ether layer, leaving a slightly colored, clear 
solution in the water layer. After the lake had settled, 
a portion of the ether layer was pipetted off and this solution 
was analyzed for eosin by the colorimetric method. This 
removal of the eosin by the ether was a t  first thought to be 
due to acid in the ether, although redistilled ether, which 
gave no tests for acid with litmus or methyl orange when tested 
in the prescribed way, was also found to cause the removal of 
the eosin. Experiments were then made, using other liquids 
which dissolve the acid, eosin, and which give a two liquid 
layer system fi th water. 25 cc of sodium eosinate (o.oog5 N )  
were diluted to 5 0  cc and mixed with 4.71 cc of 0.0505 N 
CuS04 solution diluted to 5 0  cc. The resulting suspension 
of the lake was shaken for an hour with 100 cc of chloro- 
form. A dark red emulsion resulted and this did not break 
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down for several hours. The chloroform layer then contained 
0.0123 gram of eosin. 
When this same amount of the lake was shaken with 
IOO cc of benzene, an old-rose colored emulsion was obtained, 
which broke down partially after standing one day. The 
benzene layer was found to contain 0.0089 gram of eosin. 
When this experiment was repeated, using 100 cc of 
CS2 as the second liquid layer, a light pink emulsion was 
formed. This emulsion was rather viscous and it did not 
break down appreciably until it  had stood for two days. The 
CS2 was found to have removed 0.0048 gram of eosin from the 
lake. This difference in the total amount of eosin removed 
by the solvent may have been due to the different degrees of 
contact of the lake with the solvent. However, it  shows that 
the removal of eosin from the lake can be accomplished by 
the use of solvents other than ether. 
The sodium eosinate solution was -then mixed with the 
ether to see if any eosin was removed. Ten cc of sodium 
eosinate (o.oog5 N )  were diluted to 100 cc and shaken with 
IOO cc of ether. The ether layer was found to contain 0.0031 
gram of eosin. When I O  cc. of the sodium eosinate solution 
were diluted to IOO cc using freshly boiled distilled water, 
and shaken with IOO cc of ether, only 0.0016 gram of eosin 
was removed by the ether. This slight amount removed with 
pure distilled water was probably due to impurities in the 
original material-it is negligible in this work as it is below 
the experimental error. 
From the preliminary experiments it was seen that an 
excess of copper salt increased the amount of decomposi- 
tion of the lake, and the following experiments were performed 
to study further the effect of copper salt on this decomposi- 
tion. 
The following results were obtained by varying the amount 
of CuSO4. In each experiment the CuS04 and the sodium 
eosinate were each diluted to 50 cc and IOO cc ether was shaken 
with the mixture. 
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. TABLE IV 
Sodium eosinate solution o.oog5 N 
CuSO4 solution 0.0505 N 
Volume of aqueous suspension = IOO cc 
25 cc eosin in each experiment 
cc. of cuso4 Molecular ratio 
Copper: Eosin 
4.71 I 
9.42 2 
7 - 0 7  , 
10.60 2.25 
11.78 
14. I3 
Total eosin 
present Eosin removed Gram I Gram 
0.0190 
0.0480 
0.0657 
0.0735 
0.0760 
0.0294 
0.0769 
0.0769 
0.0769 
0.0769 
0.0769 
0.0769 
Prom these results, it  is seen that almost complete de- 
composition is obtained at this dilution by an excess of 1.5 
molecules CuS04. 
But, at different concentrations of the lake, different 
amounts of decomposition are observed. The following ex- 
periments were performed by adding the CuS04 solution 
directly to the sodium eosinate solution and shaking with 
100 cc of ether. The CuSO4 solution was 0.0505 N ,  and the 
sodium eosinate solution o.oog5 N .  Thus the amount of 
the lake was the same as in the preceding experiments, although 
the volume of the suspension was only 30 cc in these experi- 
ments. The results are shown in Table V. 
TABLE V
Sodium eosinate solution o.oog5 N 
CuS04 solution 0.0505 N 
25 cc eosin in each experiment 
cc of cuso4 
4.71 
6.00 
7 . 2 0  
8.25 
-. -- 
Molecular ratio 
Copper : Eosin 
_ _ _ _ _ ~  - 
Eosin 
removed 
Gram 
1 Eosin from 
Table IV 1 Gram 
0.0125 
0.0446 
0.0625 
0.0765 
1 0.0190 
0.0240* 
0.0294 ! 0.0380" 
Total eosin 
Gram 
0.0769 
0.0769 
0.0769 
0.0769 
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The results given in the fourth .column are from Table 
IV and the values marked by the asterisk were obtained by 
interpolation. These results show that the amount of de- 
composition increases with increasing concentration of the 
copper salts and that the total amount of copper salt neces- 
sary to produce the same amount of decomposition, depends 
on the concentration of the lake in the aqueous suspension. 
The same amount of lake was used in the .experiments shown 
in Tables IV and V, the dilution of the lake being the only 
factor which was varied. In  the more concentrated suspen- 
sions, an excess of three-fourths of a molecule of CuS04 pro- 
duced complete decomposition of the lake, while an excess 
of one and one-half molecules of CuS04 was necessary to de- 
compose the suspension when it was more dilute. 
The following experiments shown in Table VI, were made 
to study the effeccof .. - ,an:excess’fof copper nitrate. The lake 
contained 0.0770 gram ofeosin in each experiment, which was 
the amount used in the precedingiexperiments. 
TABLE VI 
~- ~~~ ~~~~ ~ - .  ~ ~ - ~ ~ ~ _ _  ~ ~ 
Total conc. 
per IOO cc. 
of Cu(N0a)~ 
0.0223 
0.0446 
0.0669 
0.0892 
Thus 
Eosin re- 
moved by 
ether Remarks 
Gram I- 
o .0240 I Blank, containing equivalent copper and 
0.0298 I I mol. Cu(N03)~ in excess 
0.0290 I 2 mol. Cu(NO3)z in excess 
0.0284 1 3 mol. Cu(NO& in excess 
i and eosin + 2 mols. NaN03 
the decomposition increases with an increase in 
the concentration of the copper salt, as with the CuS04, 
although in this case, a maximum in the decomposition is 
reached before all the lake is decomposed. 
In all these, experiments, it was difficult to understand 
the decomposition produced when exactly equivalent amounts 
of the copper salt and sodium were used, unless this decom- 
position was caused by the presence of the sodium salt of the 
acid, which was formed by the reaction. The following ex- 
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0.011 
0.045 
0.079 
0.148 
periments shown in Table VI1 were performed to study the 
effect of Na&304 on the lake: 
TABLE VI1 
The lake contained 0.0770 gram eosin and its equivalent of copper 
in roo cc HzO 
I 
0.0250 Blank, I equiv. SOc 
0.0440 
0.0520 
0.0520 
Equivalent to 3 mols.S04 excess 
Equivalent to 6 mols.S04 excess 
Equivalent to 13 mols.S04 excess 
Total grams Eosin removed 
of ,501 ions by ether 
present I Gram I Remarks 
I I 
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2 .oo 
3 .oo 
Experiments were then made with the copper lake and 
HzS04 in varying amounts. The lake was prepared in each 
case by diluting 4 . 7 1  cc. CuS04 (0.0505 N )  to 45 cc and 
adding 2 5  cc of sodium eosinate solution (0.0095 N )  which 
had been diluted to 50 cc. The amount of HzS04 (0.0372 N), 
specified in each case, was then added, and after adding 
HzO to make the total volume of the suspension equal to 
IOO cc, the suspension was shaken with IOO cc of ether and 
the eosin estimated as before. Inasmuch as a small amount 
of eosin had been shown to be removed from sodium eosinate 
by ether (due to impurities) and since sodium eosinate was in 
excess, this amdunt was deducted from the results obtained, 
and the values given in Table VI11 are the values thus cor- 
rected. 
TABLE VI11 
0.0232 
0 * 0353 
Eosin equivalent 
to HzSOi 
~~ 
0.0120 
0.0240 
0.0360 
0.0600 
These results show that the lake is decomposed quanti- 
tatively by the H2S04, as is the case with sodium eosinate. 
The amount of decomposition, and the behavior in general, 
is different from the effect of the same amount of SO4 ion 
since the decomposition in this case is proportional to the 
amount of. SO4 ions present. This .quantitative decomposi- 
tion does not necessarily argue for the existence of a definite 
compound of copper and eosin, since the lake would be ex- 
pected to behave in this manner if i t  were an adsorption 
complex consisting of Cu(OH), and eosin in equivalent 
amounts. Thus, in the latter case, HzS04 would act upon 
the CU(OH)~, forming CuS04, and the eosin which had been 
adsorbed in equivalent amount would then be set free in the 
same proportion. The possibilities of the decomposition 
being due to hydrolysis of the excess salt, suggested itself, 
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since the salts of weak bases with strong acids give an acid re- 
action, due to a difference in dissociation. However, one of 
the products of this hydrolysis of the copper salt would be 
CU(OH)~, and after the first portion of the copper hydroxide 
had been produced, in order that the decomposition of the 
lake should proceed to completion, it is necessary to postulate 
that the acid would decompose the copper lake in preference 
to reaching an equilibrium with CU(OH)~.  This seems im- 
probable. Another objection is found in the fact that  this 
decomposition decreases with increasing dilution, that  is, 
the decomposition is less when there is less copper salt present, 
while hydrolysis increases with increasing dilution. A third 
objection to this is found in the fact that  an excess of Na2S04 
causes complete decomposition of the lake. This is impossi- 
ble on the assumption of hydrolysis, for it may be shown by 
the following experiment that Na2S04 is slightly hydrolyzed 
to give an alkaline reaction. If a Na2S04 solution is treated 
with solid eosin (acid) which is practically insoluble in water, 
a marked increase in color is noted, showing that considerable 
eosin has gone into the water. This increase is due to the 
formation of sodium eosinate from NaOH and eosin. When 
the same experiment is performed with the normal solutions 
of NaC1, NaN03 and sodium acetate, practically no change 
is noted in the NaCl solution. The NaN03 is colored less 
than the Na2S04 and the sodium acetate is colored a dark 
red. A far more simple and complete explanation for this 
phenomenon is offered on the basis of the assumption that the 
lake consists of eosin absorbed by CU(OH)~. When salts 
are present, the CU(OH)~ adsorbs the different ions in differ- 
ent amounts, depending on the nature of the anion, and when 
the attraction for the anion is greater than that between 
the CU(OH)~ and the eosin, the eosin is accordingly set free. 
In order to check this, experiments were made to  determine 
whether the adsorption of other substances by Cu(0H)z 
would displace part of the eosin in proportion to the amount 
which these substances were adsorbed by Cu(OH)2. It has 
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been shown1 that colloidal (CU(OH)~ when precipitated in IO 
percent NaC1, upon standing, gave an alkaline solution con- 
taining 0 . 2 7 7 2  percent NaOH, and that this was caused by 
the adsorption of the C1 ion by the CU(OH)~;  leaving the 
Na ions in the solution. Similar results may be obtained 
with Na2SO4, etc. Analogous results were obtained, using 
KC1 and other solutions of salts. In a series of experiments 
made by Tommasi2 on the stability of CU(OH)~ with tempera- 
ture, it was found that the blue copper hydroxide became black 
with slight increase of temperature, but that the addition of 
different salts caused a marked increase of stability of the blue 
hydroxide and the temperature a t  which blackening just be- 
gins was determined for a number of salts, among which the 
following are of interest : 
TABLE IX 
Substance I Concentration Percent 
Temperature of ' blackening 
1 (dehydration) 
I 
H2O I - 77; Na2S04 I O  ' 79 
KC1 1 IO  
KBr , IO  
Io MnS04 no dehydration even at 100' 
Sugar I I O }  
If this effect is considered as a measure of the adsorption 
of the anion or of the molecule, one could conclude that Br 
is adsorbed more than C1 ion, and the adsorption of MnS04 
and sugar ought to be very marked. The following experi- 
ments were then made to determine the effect of these sub- 
stances upon the stability of the lake in the presence of 
ether : 
Comptes rendus, 92, 453 (1881). 
Bull. SOC. chim. Paris, [z] 37, 197 (1882). 
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TABLE X
Suspension of lake = 0.077 gram eosin and equiv. Cu 
~________ _ _ _ _ _ _ _ _ _ _ _ _  
Remarks I !Substance 1 Conc. of substance added ~ r22t$d 1 
1 I I 
CUClZ 
CUCl2 
CuBrz 
CuBrz 
1 
0.0856 g C1 per roo cc ' o.ozgo Blank (no excess I CUC12) -, 
I -~ 
0.1968 g C1 per roo cc I 0.0313 2 mols. CuCl2 ex- 
I 1 cess -_________ 
0.1880 g C1 per roo cc 1 0.0359 Blank (no excess 
CuBrz) 
.~ 
0.5640 g Br per I O O  cc '-=6Ti z g!. CuBr2 ex- 
I Sugar I 5 g per IOO cc , 0.0250 this amount same 
I I 1 as blank 
oi114 g SO1 per roo cc 1 0.0250 this amount same 
0. I 14 g SO4 from Cu salt I 1 as blank 
0.8832 g NOa per roo cc 1 0.0240 5 mols. NaNOa 
NaN03 I I excess 
From these experiments it is seen that a marked effect 
on the stability of the lake is produced by relatively weak con- 
centrations of the above salts. Copper bromide thus pro- 
duces more decomposition than copper chloride, as was pre- 
dicted. Furthermore, in the experiment with equivalent 
amounts of these salts, where the sodium bromide and chlor- 
ide were formed by the reaction, and the decomposition was 
due to them, the same order was noted. NaN03 produced 
less decomposition than either of these salts. Sugar and 
MnS04 did not produce any decomposition. These results 
are made clear by considering the work of Spring and 
Lucion,l on the decomposition of salts by means of copper 
hydroxide. These workers found that the presence even of 
small amounts of KC1 caused a decomposition with a ten- 
dency to form compounds varying in composition but con- 
taining Cl and copper. They found that KBr was more de- 
I Zeit. anorg. Chem., 2, 195 (1892). 
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composed and they described a basic compound, Cu2Br2Cu0 
as produced by this action, in which a reduction of some of 
the Cu has taken place. Van Bemmelen and Fremyl found 
that a similar decomposition of salts by means of manganese 
hydroxide was obtained. These workers found that more 
decomposition was obtained as the concentration of the orig- 
inal solution was increased. The same workers found that 
the same phenomena were obtained by treating meta-stannic 
acid with the potassium salts of HN03 and H2SO4; and that 
for the same concentration of KN03 and K2SO4, approxi- 
mately twice as much decomposition was observed in the case 
of the sulphate. Thus the behavior of the lake with salts 
is found to be identical with the behavior of copper hydroxide 
and other colloidal bases, and indicates that  the copper hy- 
droxide is present as such in the copper lake. The decom- 
position of the lake as measured by the eosin set free, may 
be explained best on the assumption that the copper hydroxide 
adsorbs the SO4 more readily than the eosin radical and the 
latter is therefore set free. A like explanation is offered in 
the case of the NO3 ion, and the known preference for the 
SO1 ion over the NO3 is shown here also. 
The CU(OH)~ produced by decomposition of the lake 
by shaking with ether and an excess of copper salt, gave the 
following results on analysis : 
The lake contained I molecule of copper sulphate in ex- 
cess, which was obtained by adding the equivalent of 0.1470 
gram copper to 0.7497 gram eosin in a total volume of 15 cc. 
This was shaken for several hours in ether, and the ether was 
replaced by fresh ether as the solution became concentrated. 
A gray-white solid remained in the water layer and this was 
filtered and washed and analyzed for copper. It was found 
to contain 53.6 percent copper. Considerable amounts of 
sulphate were found to be present in the resulting solution, 
although no estimation was attempted. A similar experi- 
ment was tried using 3 molecules excess CuS04 and the re- 
Jour. prakt. Chetn., 23, 343 (1881). 
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gray-white solid was found to contain 53.4.  
copper. Sulphates were also found to be present. 
Behavior of the Lake with Acetone 
ercent 
When the copper lake is prepared by precipitation from 
acetone solutions of Cu(NO& and sodium eosinate, a brick- 
red amorphous precipitate is obtained, which is only very 
slightly soluble in the supernatant liquid. Further dilu- 
tion of this suspension with acetone gives a red-brown solu- 
tion which is perfectly stable and which is probably colloidal, 
in view of the insolubility of crystalline copper eosinate in 
acetone. The acetone solution is unaffected by an excess 
of copper salt. When the suspension of the lake in acetone 
is mixed with approximately an equal volume of water, the 
suspension clears and a light blue residue is obtained on stand- 
ing. This precipitate was found to contain 49.0 percent 
Cu and could not be entirely freed from SO, by washing- 
i t  was probably a basic sulphate of copper, or CU(OH)~ with 
SO4 adsorbed. Likewise, the suspension of the precipitate 
of the lake in water when diluted with an equal volume of 
acetone gave a light colored solution and CU(OH)~ deposited. 
It was found that when an excess of copper salt was used in 
preparing the lake, more Cu(OH), was produced. Identical 
results were obtained by using copper eosinate prepared from 
Cu(N03) dissolved in alcohol, when this suspension was diluted 
with approximately an equal volume of water. If the sus- 
pension of the lake in water were mixed with an equal volume 
of alcohol, a precipitate of CU(OH)~ was again obtained. 
However, there was less precipitate formed in alcohol than in 
the corresponding cases with acetone. The copper lake pre-. 
cipitated from alcohol solutions, when diluted with alcohol, 
gave a clear, stable solution, probably colloidal, in view of 
the insolubility of the crystalline copper eosinate in alcohol. 
An analysis of the CU(OH)~ precipitate showed 4 9 . 4  percent 
copper (theoretical for CU(OH)~ = 65.6) ;  this was probably 
due to considerable sulphate being retained by the precipi- 
tate. 
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These results with the lake and acetone may be explained 
as in the case of the ether. The lake is composed of copper 
hydroxide with eosin adsorbed. Changes in the dilution 
with the pure liquid cause no change, because the salt is not 
ionized. When water is added, however, ionization takes 
place and the lake adsorbs the anion. This sets free the eosin 
which is in intimate contact with a good solvent and decomposi- 
tion proceeds. The same explanation is offered for the be- 
havior of the lake with alcohol, and these results argue strongly 
for the existence of CU(OH)~ in the lake. 
From the results it is seen that the lake produced by the 
action of an ether solution of eosin upon copper hydroxide 
behaves as a typical adsorption complex. The amount of 
eosin thus taken up is very much less than the amount held 
by the copper in aqueous suspension, probably due to the 
different physical condition of the copper hydroxide, which 
has probably undergone agglomeration. The lake when syn- 
thesized from copper hydroxide and eosin may be made to 
contain proportions of copper and eosin, varying from two 
molecules of copper and one of eosin, to one molecule of copper 
and two of eosin. These synthetic lakes behave like the 
ordinary lake produced by supposed double decomposition 
of copper sulphate and sodium eosinate. The synthetic 
lakes, especially those containing approximately equivalent 
proportions of copper and eosin go over, on standing, to the 
crystalline copper eosinate. The lake produced from copper 
salt and sodium eosinate also goes over to the crystalline cop- 
per eosinate, upon standing. Crystalline copper eosinate 
is a definite chemical compound, and has none of the proper- 
ties of the amorphous lake. It is not soluble to any appre- 
ciable extent in the solvents which peptonize the lake. It is 
not affected by an excess of copper or other salts, which do 
decompose the amorphous lake. The lake produced by add- 
ing copper sulphate to sodium eosinate tends to contain cop- 
per and eosin in equivalent proportions, although in those 
experiments where an excess of copper sulphate is used, an 
excess of copper is found in the lake. This fact may best 
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be explained by adsorption of SO1 by the CU(OH)~ of the lake, 
with a corresponding precipitation of CU(OH)~ from the cop- 
per originally combined with the SO,. The results obtained 
are best explained on this basis. Thus, when a substance 
is added which Cu(OH)2 adsorbs more readily than it does 
the eosin, the latter is set free. The lake thus behaves in every 
way as an adsorption complex of copper hydroxide and eosin. 
A case which is analogous in practically every respect is found 
in the hydrogel of copper oxide itself. Copper hydroxide 
has been studied by van Bemme1en.l As usually prepared 
by precipitation from copper salts by means of an alkali, 
it consists of copper oxide with varying amounts of water, 
the quantity of the latter constituent has been found to vary 
continuously in amounts decreasing down to CuO.HZO, with- 
out any abrupt change in the vapor pressure of the com- 
pound, thus proving that the so-called copper hydroxide 
really consists of CuO with varying amounts of HtO adsorbed. 
Furthermore, a crystalline hydrate was obtained by van Bem- 
melen having the composition Cu(OH)2, and this had many 
different properties from the hydrogel. In  view of these 
facts i t  seems evident that the amorphous lake formed by 
copper salts and sodium eosinate is not a definite compound, 
but rather an adsorption complex consisting of copper hy- 
droxide with eosin adsorbed. 
The results of this paper may be summed up as follows: 
I. A colorimetric method of analysis was devised for the 
analysis of eosin compounds. 
2.  When magnesium oxide is treated with other solutions 
containing varying amounts of eosin, the typical form of ad- 
sorption curve is obtained. 
3. When copper hydroxide is treated with ether solutions 
of eosin in varying amounts, the typical adsorption curve is 
obtained and there is no indication of a chemical compound, 
the total amount of eosin taken up being but one-tenth of the 
amount necessary to form copper eosinate. ' 
Zeit. anorg. Chein., 5, 466 (1894). 
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4. The composition of the copper lake produced by cop- 
per sulphate and sodium eosinate was studied under condi- 
tions in which the concentration of the copper salts was varied 
over wide limits. The precipitate contained an excess of 
copper in the cases where an excess of copper salt was em- 
ployed. 
5.  It was possible to  synthesize lakes from copper hy- 
droxide and eosin, which behaved like the original one. These 
lakes could be carried into colloidal solution, and all behaved 
similarly, although the ratio of copper to eosin was varied 
from two molecules of copper to one of eosin, to two mole- 
cules of eosin and one of copper. 
6. The transformation of the amorphous lake into crys- 
talline copper eosinate was accomplished for the first time. 
The crystalline copper eosinate was formed from the lake pro- 
duced from copper sulphate and sodium eosinate, as well 
as from the direct synthesis. 
7 .  The properties of the colloidal lake were studied and 
compared with the entirely different behavior of the crystal- 
line eosinate. 
8. A study of the apparent decomposition of the lake in 
aqueous suspension by means of ether, showed that the eosin 
was set free from the lake by the greater attraction of the 
CU(OH)~ for the anions of certain salts. These anions are 
adsorbed by the CU(OH)~, setting free the less weakly ad- 
sorbed eosin. The order of the decomposition, due to these 
adsorbed anions, is the same as is found for other cases of 
adsorption : 
SO4" > Br' > C1' > NOo'. 
9. The decomposition of the lake by aqueous alcohol 
and by aqueous acetone was studied and may be best ex- 
plained on the basis of preferential adsorption of the anions, 
similar to the case of the ether. 
IO. The results obtained indicate that the lake produced 
by adding an aqueous solution of sodium eosinate to a solu- 
tion of copper sulphate, does not consist of copper eosinate, 
although the copper and eosin are present in equivalent 
' 
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amounts. This lake consists of CU(OH)~, which from the 
method of formation, contains an equivalent amount of eosin 
adsorbed. 
This work was suggested by Professor Bancroft and has 
been carried out under his direction. The author takes this 
opportunity of expressing appreciation of his many sugges- 
tions and kind advice in the work. 
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